Introdução: A gangrena de Fournier é uma infeção polimicrobiana potencialmente fatal que afeta os tecidos moles do períneo com ponto de origem em patologias urológicas, coloretais ou cutâneas. Apesar de ser mais frequente no sexo masculino e em idosos, pode afetar ambos os géneros e qualquer idade. O abcesso perianal, a diabetes mellitus e a Escherichia coli são respetivamente a causa, a co-morbilidade e o micro-organismo mais frequentemente encontrados. Este estudo teve como objetivo descrever a experiência de um Serviço de Cirurgia Plástica e Queimados de um Hospital terciário no tratamento e reconstrução de defeitos perineais causados por gangrena de Fournier, disponibilizando detalhes sobre a sua demografia. -4) . The most frequent predisposing factor was diabetes mellitus, the major cause was perianal (n = 2) and skin abscess (n = 2). Eight (53.3%) patients had no identifiable source of Fournier gangrene. Various types of reconstructive techniques were employed; and 5 additional surgical interventions (33.3%) were undertaken (one cystostomy, two orchidectomy, two ileostomy); six patients (40%) presented reconstructive technique complications with adequate final outcome. Discussion: In contrast with the literature, where Escherichia coli was the most frequently isolated agent, Staphylococcus aureus was the most frequent microorganism found in tissue biopsy/pus collection analysis. A higher than expected number of patients (n = 8) had no identifiable source of Fournier gangrene. This findings can be explained by the retrospective non-multicentre study limitation, with a potencial source of bias patients that were transferred from other hospitals in advanced stage, without point of origin of Fournier's gangrene identified. Conclusion: Early recognition and extensive necrotic tissue debridement, along with prompt and adequate antimicrobial treatment, are the mainstay of Fournier gangrene management, thus reducing morbidity and mortality in these patients. Surgical reconstruction challenges derived from this condition should be addressed by specialized teams due to the risk of dysfunctional sequelae and conspicuous deformities. Taking in account the single-center and retrospective observational character of the present study, these premises require proper validation from a multicenter prospective study. 
INTRODUCTION
Fournier's gangrene (FG) is a severe infection affecting subcutaneous soft tissues of the perineum, perianal and genital zones. It results from a breach in the integrity of the urethral or gastrointestinal mucosa, creating a rapidly progressive and life threatening type of necrotizing fasciitis. 1, 2 Muscle cells are less frequently affected due to its rich vascularisation. 3 This condition is more frequently diagnosed in males (10:1) and in the elderly, 4, 5 but may affect patients of all genders and ages. Despite a low prevalence (3 -7/ 1 000 000) 6 , mortality rate can reach up to 40%. 7 FG is usually a symbiotic polymicrobial infection caused by aerobic and anaerobic bacterial flora, arising from the low gastrointestinal (i.e. perianal/ischiorectal abscess) or genitourinary tracts, (i.e. urinary tract infection, traumatic catheterization) or from the skin (i.e. perineal skin abscess, allergic reactions). 8 Immunosuppressed patients due to concomitant conditions like diabetes mellitus (DM), chronic ethanol abuse, malignancies, liver cirrhosis, HIV infection, organ transplantation or steroids use have a higher risk of developing the disease. 4, 7 Early recognition of clinical signs is imperative: the spread rate of the necrotizing fasciitis can be as high as 2 -3 cm/ hour, rapidly progressing to the gluteal muscles, scrotum, penis, abdominal and thoracic wall. [9] [10] [11] The clinical presentation is variable, but suspicion should be high when abrupt severe pain is present and associated with ecchymosis, fever, and cutaneous anaesthesia; rarely, subcutaneous gas with crepitation may be present. [12] [13] [14] Conventional X-rays may show subcutaneous gas, however, the best imaging modality is a computed tomography (CT) scan that allows a more precise assessment of the extension and depth of the infection as well as the presence of abscesses. 15, 16 Early antibiotic administration and urgent surgical drainage along with debridement of necrotic tissues are critical for sepsis control in FG. Debridements may create major defects presenting great reconstructive challenges. 17 The purpose of this study is to analyse demographic, clinical and surgical data of all patients with FG admitted at the Plastic Surgery and Burns Department of a tertiary hospital, in Coimbra, Portugal, during a ten-year period and compare it to the available literature.
MATERIALS AND METHODS
The authors state that STROBE checklist was completed.
Study population
Observational retrospective analysis of patients with Fournier's gangrene admitted to the Plastic Surgery and Burns Department of Centro Hospitalar e Universitário de Coimbra (Hospital and University Centre of Coimbra -CHUC), Coimbra, Portugal, during a period of 10 years (from January 1 st , 2007, to December 31st, 2016). Demographic and clinical data were collected from medical records including age, gender, predisposing factors/aetiology, comorbidities, number and nature of surgical interventions, culture findings, length of stay (LOS) and clinical outcome.
Retrospectively reviewing the medical records allowed us to only include in our cohort, patients with confirmed FG on histology; this process minimised selection bias.
Limitations of the study
Retrospective non-multicenter study.
Statistical analysis
All data were collected and analysed using Microsoft 
RESULTS
Fifteen patients with FG were identified: fourteen males (93%) and one female (7%). The mean age was 66.9 years (range: 46 -86). The mean LOS was 46.8 days (range: 20 -71 days). The mean number of debridements was 3.3 (range: 1 -4). There were no fatalities in this group of patients ( Table 1) .
The most common identified causes were perianal (n = 2: 13.3%) and skin abscesses (n = 2: 13.3%); other causes included bartholinitis (n = 1: 6.7%), perineal trauma (n = 1: 6.7%) and hernioplasty suture site infection (n = 1: 6.7%). In 8 patients (53.3%) there was no identifiable point of origin of FG. DM was the most frequent comorbidity (n = 6: 40%); other predisposing factors were identified namely Number of debridements (range) 3.3 (1 -4) monoclonal gammopathy of undetermined significance, chronic renal failure, alcoholic cirrhosis and colon cancer, with one case each ( Table 2) . Cultures of pus were obtained in all 15 surgical wounds (Table 3) : seven patients (46.7%) had mixed microorganisms (MO) (mixture of aerobic ± anaerobic ± fungus); 6 patients (40%) had one bacterial isolation, and two patients (13.3%) had negative microbiological results. The most frequent MO found was Staphylococcus aureus (n = 7: 46.7%), followed by Enterococcus faecalis (n = 5: 33.3%), Escherichia coli (n = 3, 20%), Acinetobacter baumannii (n = 3, 20%) and Pseudomonas aeruginosa (n = 2, 13.3%); other bacteria were only present in one culture each: Streptococcus pyogenes, Enterococcus faecium, Enterococcus cloacae, Klebsiella pneumoniae, Streptococcus epidermidis, Bacteroides fragilis, Corynebacterium, Candida albicans and Aspergillus fumigatus. Fig. 1 shows all MO found in culture results. Monomicrobial bacteria culture identification was present in 6 patients: Escherichia coli (n = 2, 13.3%), Staphylococcus aureus (n = 2, 13.3%), and Corynebacterium and Enterobacter cloacae isolated in one patient each. One patient had multidrug resistant Staphylococcus aureus. Anaerobic bacteria (Bacteroides fragilis) were identified in one patient (6.7%).
All patients were subjected to reconstructive surgical procedures (Table 4 ). In 5 patients (33.3%) the only reconstructive surgery performed was a split thickness skin graft (STSG). Eight patients (53.3%) had one reconstructive surgery with flaps (one scrotal reconstruction with bilateral internal pudendal pedicled flaps; one scrotal reconstruction with contralateral rotational flap; one internal thigh bilateral fasciocutaneous transposition flaps; one vulvar reconstruction with McGregor propeller flap; one pedicled anterolateral thigh (ALT) flap with tunnelling to the defect; one local sliding flap; one medial femoral circumflex artery perforator fasciocutaneous flap; one internal thigh rotational flap). One patient (6.7%) needed two flap reconstructive surgeries (scrotal reconstruction with bilobed internal thigh flaps and fasciocutaneous transposition flaps for perineal defects closure, and one patient (6.7%) had a full thickness skin graft for reconstruction of a degloved penis shaft. Derivative ileostomy was performed in two patients (13.3%), and diverting cystostomy in one (6.7%). In addition to scrotal, vulvar and perineal reconstruction, two patients (13.3%) required unilateral orchidectomy (Table 4) . Regarding complications, three patients (20%) presented partial skin graft loss, two patients (13.3%) suffered skin flap partial suture dehiscence and there was one case (6.7%) of partial necrosis of the skin flap (Table 5) .
DISCUSSION
FG is characterized by a rapidly progressive potentially fatal necrotizing infection of the external genitalia and perineum that can spread along Buck's fascia of the penis, Colle's fascia of the perineum and extend to Scarpa's fascia of the anterior abdominal wall, sometimes even reaching the thoracic wall. This necrosis is caused by vessel obliteration related to polymicrobial proliferation along the fascial plane, generating oedema, microthrombosis and hypoxia, favouring anaerobic bacteria overgrowth. 18 In the present study, only one patient was confirmed to be infected with anaerobic bacteria (Bacteroides fragilis). Regardless, one should consider that false negatives for anaerobic bacteria Monoclonal gammopathy of undetermined significance 1 (6.7)
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Colon cancer 1 (6.7) in biopsy cultures are a frequent finding and do not exclude their presence. One can postulate that more anaerobic pathogens would have been identified if routinely searched for in appropriate tissue biopsies. In this study, the most common cause of FG was perineal abscess: 4 patients (26.7%) -2 perianal and 2 skin abscesses. Three patients (20%) had other causes (bartholinitis, perineal trauma, hernioplasty suture site infection) and more than half of the patients (n = 8: 53.3%) had no identifiable cause of FG. There was an unexpected inversion in statistics because idiopathic FG usually accounts for 25% of the group and perineal abscess (perianal and skin abscess) around 50%. 15, 19, 20 However, when the diagnosis is delayed to later stages of the disease it becomes more difficult to identify the primary source. Some of the idiopathic cases of FG might have originated from colorectal or skin sources even though the authors could not find such information in the clinical records.
This retrospective 10-year analysis found a rather low number of patients with FG -only 15 patients. A possible explanation might be the fact that the study sample is composed only by patients admitted to Plastic Surgery and Internal thigh bilateral fasciocutaneous transposition flaps 1 (6.7)
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Full thickness graft 1 (6.7) Burns Department. All patients were initially operated in the General Surgery or Urology Departments, and most of them were also treated there, which may underestimate the actual number. In addition, some of these patients also had the first debridement in another institution. They were transferred to CHUC only after stabilization and septic source control in order to have further debridement and reconstructive surgery, and might have been registered as cutaneous ulcers of undetermined origin. Commonly, wound cultures are polymicrobial with mixed aerobic and anaerobic bacteria. Our findings corroborate this data, as shown in Table 1 . On the other hand, the most frequent bacteria usually found in the literature is Escherichia coli with a frequency of 43% -80% 20 which contrasts with our group where the most frequent one was Staphylococcus aureus (n = 7: 46.7%), followed by Enterococcus faecalis (n = 5: 33.3%), Escherichia coli (n = 3, 20%), Acinetobacter baumannii (n = 3, 20%), Pseudomonas aeruginosa (n = 2, 13.3%) and other bacteria only present in one culture each (Bacteroides fragilis, Corynebacterium, Enterococcus cloacae, Enterococcus faecium, Klebsiella pneumoniae, Streptococcus pyogenes, Streptococcus epidermidis). There were also two fungal specimens isolated, namely Aspergillus fumigatus and Candida albicans. It is the authors' consideration that microbial cultures were not systematically obtained (pus collection versus tissue biopsy) or registered in clinical records of all patients. Furthermore, one can suggest another simple explanation for the high number of negative cultures obtained, and possible false negatives: the fact that many samples obtained were indeed sterile necrosis due to the widespread use of local (i.e. silver sulfadiazine) or systemic antibiotic therapy and the use of antiseptic solutions (i.e. chlorohexidine, iodopovidone); other reasons may be contamination at the Burn Unit and/or the timing of sampling for culture analysis.
Additional surgical procedures
In this study, DM had an incidence of 40%, which is similar to other series like Korkut et al with an incidence of 46% -76.9% 21 . Other predisposing factors with lower incidence were also found (alcoholic cirrhosis, chronic renal failure, colon cancer and monoclonal gammopathy of undetermined significance) and all of them might have contributed to the severity of the disease. Five patients had no isolated predisposing factor identified.
No fatalities were verified, which contrasts with the literature with mortality rates reaching up to 40%. 7 This can be due to early necrotic debridement, early antibiotic prescribing, and to the fact that the majority of our patients got ward beds at the Burn Unit, where complete aseptic care is provided, besides closer monitoring and antimicrobial stewardship. This absence of casualties might also reflect a selection bias as patients with the worst outcomes were frequently first admitted in the Intensive Care Units and eventually die before they were fit to undergo reconstructive surgery.
Some authors propose the use of prognostic factor outcome predictors: Laor et al 22 created the Fournier Gangrene Severity Index (FGSI) that gathers clinical (fever, respiratory rate, heart rate) and laboratory data (serum sodium, potassium, bicarbonate, creatinine, haematocrit and white blood cell count) allowing to predict patients' prognosis and mortality: when the score > 9, the mortality can reach up to 75%, and if < 9 survival can be expected in 78% of the patients, but many authors like Tuncel et al 23 argue that the index cannot be relied on to predict mortality alone; Friederichs et al 24 state that procalcitonin (PCT) ratio levels 1 or 2 days after surgical debridement may be a valuable indicator of infection source elimination, indicating that when PCT values rises, wider margin debridement is required. Kincius M et al 25 evaluated the feasibility of predicting the outcome using the LRINEC (Laboratory Risk Indicator for Necrotizing Fasciitis) score using laboratory data (C-reactive protein, sodium, white blood cell count, hemoglobin, serum sodium, creatinine and glucose); they concluded that a score higher than 9 can be used as a high-value threshold predictor of death during the first evaluation of patients with FG.
According to Taken et al, 18 the management of FG can be divided in four main steps: rapid and aggressive debridement of necrotic tissue, resuscitation and hemodynamic/ fluid support, empirical broad spectrum parenteral antibiotic therapy and sterile wound dressing. It is the opinion of the authors that reconstructive surgery should definitely be added as a fifth parameter, improving outcomes and quality of life.
In this series we found a mean of 3.33 necrotic tissue debridements per patient with a range between 1 and 4. When tissue vitality was doubtful, after the first wide necrosectomies, additional tissue debridements were undertaken, guided by the extension of the necrosis beyond the wound limits due to progression of the infectious process. A higher number of debridements may be related with worse prognosis and a higher mortality rate 26 given the fact that the infection source is not completely eradicated after the first surgical procedure. Conversely, patients with less severe disease would require less surgical debridements. Despite this popular belief, Laor et al 22 state that the number of debridements is not related with worse prognosis. The fact that patients with less severe disease, in contrast with nonsurvivors, will have more time to be undergo multiple debridements, will allow infection eradication and tissue healing with better outcomes. Other treatment' adjuvants were sometimes employed but in a non-systematic way, like the use of vacuum therapy. When available, hyperbaric oxygen therapy (HOT) is treatment of great value, since it can optimize infected tissue oxygenation, and has bacteriostatic and bactericide properties. 27 However, none of the patients had access to HOT. Additional surgical interventions were undertaken in five patients (33.3%): two ileostomies (13.3%), one cystostomy (6.7%) and two orchidectomies (13.3%). Surgical faecal diversion aims to reduce perineal wound contamination when there is anal sphincter involvement, faecal incontinence or continued wound contamination. Nevertheless, it increases morbimortality and health care costs. Paying attention to these facts, rectal sealing collecting systems, like FlexiSeal Faecal Management System ® , may be considered as the first faecal diversion of choice. 28, 29 When a surgical faecal diversion is deemed necessary, the procedure elected is usually a colostomy. In the present series however, two ileostomies were performed because one patient had been subjected to left hemicolectomy and the other had a left colon cancer. Both patients had their ileostomy closed at a later date without complications. The incidence of surgical faecal diversion was 13.3%, which is similar to the literature, which refers an incidence of 15% of colostomies performed. 30 Urinary diversion is indicated when there is a large perineal wound after debridement or abscess with either urethral or extensive penile involvement. Some authors recommend urethral catheterization to achieve diversion, 31 but others suggest the use of cystostomy when there is a large perineal involvement, with some series indicating that nearly half of the patients with FG receive a cystostomy for urinary diversion. 32 The reconstructive option was directed to the specific patient's defect. Literature information regarding the type of reconstructive technique is vast, addressing both cosmetic and functional results as well as complications, but sometimes is somewhat difficult to interpret. Karian L et al 33 concluded that given the fact that most patients with FG have serious comorbidities, the reconstructive surgical procedure should be the fastest and the least expensive because patients are at high risk of developing complications requiring longer or multiple procedures; regarding testicular exposure, if it is less than 50% of the scrotal area, Karian L et al advocate scrotal advancement flaps or healing by secondary intention; for larger defects with perianal involvement, more complex procedures should be undertaken, including skin grafts or flap reconstruction, sometimes resorting to the use of microsurgical techniques.
Regarding operative complications, Chen et al 34 report an 11% rate of split-thickness skin graft partial loss, which is half of our figures (20%). However, Carvalho et al 35 report 18% of graft infection. Karian et al 33 support the use of split thickness skin graft despite its possible complications (contraction, graft loss), which are acceptable given the simplicity and low donor-site morbidity. In this sample there was a skin flap partial dehiscence and a skin flap partial necrosis: the first was re-sutured and the second healed by secondary intention and sterile dressings, having a suitable final result. It is known that flap reconstructive surgery is more complex and more prone to donor and receiver site complications such as seroma, hematoma, wound dehiscence, donor site scaring and partial or total flap loss. In addition to these complications the surgeon must be aware of cosmetic and functional problems that must be individually addressed.
CONCLUSION
FG is a rapidly progressive necrotizing fasciitis of the perineum arising from urologic, colorectal or skin foci, and must be considered as a surgical emergency. It is more common in males and in the elderly, and DM is the most frequently associated comorbidity. Contaminating flora is often polymicrobial, and the most common causative microorganism is Escherichia coli. The present study corroborates the indications for an early, aggressive, and wide debridement, plus adequate antimicrobial therapy as the mainstay of treatment.
In the authors' opinion, surgical reconstruction challenges derived from this condition should be addressed by specialised teams due to the risk of dysfunctional sequelae and conspicuous deformities. Since the present study has a single-centre and retrospective observational character, these premises require proper validation from a multicentre prospective study.
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Patients transferred from other hospitals in advanced stage, without point of origin of Fournier's gangrene identified.
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